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ReidorinvBntiQP 

Tho proaom invenDon rolaaa lo dewotuminescflnl pnosphor parridea, parncularty BncapaulawJ phosphor 
panido9 -hich OMt\m swsng moisturo resisenoo and nign eiearotuminwceni ongmneM. Tho prwani mvon- 

9 Don BlaorBlawp a meffwa for making sucn ncapaMiatad pnospnor particles. 

B<ck^rouno 

pftoapha- parties are uaeo in a vanaty of appCcationa sucn as Hai panel fltspiaya anq docoraiiona, cainoca 

10 ray woaa. and fluoroaceni lighting fixnirea. ummescanc© or lighi emia^ion Dy pnosphor paaiclo^ m^y Da aiimu- 
tQEad by applic«aen of heai imennoiuininOTcencB), lighi (pnowluminwconco), nign energy raoiation lo.g.. x- 
r3y9 or o-poama), or ertocmc fiatds (aiactfDiuminvacQncQ). 

Elocwluinineacent CELT pnoaphors are of panfcuiar comimrcial fmponance. The luminescent Pfighmesa 
ana "maintanancB" of such tmgntness of such pnosphora are c»o imponam cnrana for charapcarizjng phosphor 
15 paiTldes. Luminaacani Dngntneaa cs typically roponed as a quantify of lighi eminod oy tna auojeci phosphor 
#n«n exaiod. W»n rapcrwd m aD30*uto Dngntness. e.g., m fooi-Lamperw (Tt-L-). the conditions under *hich 
die phoapnor is exateo should also Oe reponod as the aftaoiwte luminescem onghineae of a giwen phosphor 
typMty dapaiKJa upon a comDinadon of several factors. For instance, the apsolute orighmosa of an eloctfoiurni- 
nescani pnoapfior ahoufd Do reponed with spoofied woltage and frequency ^ me applieo eteancfieid and tem- 
» fmstfo of Cho phoephor. Th» iMminottcani bngnmwa atoln^e ^ also fiependent in part upon me physical 
omrmenadca and spoctfteaujns of me test device useo to cneaaure tne magnimde of ennnaa lignu A cypMi 
oat oevto poaaaaaes many of the same memtwia as the vWA film elaarelumlnoacent cbvicbs dtaojaseo 
- * below, Wim m^m to accurately aaieiminihg tna aoaQiuie onghineea of a supjea phosphor, imponam cnarac- 

^iiaflca meraor mduqe me mclaiaaa of me phospnor layer, the concentiatjon or toaamg of tne phosphor par- 
29 aoaa in me dioiMilc maota, me otarweriaocs of tne partoilar dieiecgtc mara matert*, a-no me 
ffanaparency of me frent electrode. Because of me sensiiiYiiy of phoaphor omisaion Prightneaa lo varying con- 
didens of eKtomeni;. ma pngnmeas of phoaphora are more typically roponea aa ratadve ortgninesee^ tamer 
man as atetfuta prigritroaa- Tyiainianance' rofera » the rate at which phosphor* (oso Dnghmess ounng oper^ 
edon. Aa Orscussed Oy Thoniion in ElecBrolufnineacent fc^aintenance. JouT- of Eieorochem, Soc.. pp 89S-907. 
X Vol. 107. No. 11, Nov. i960, such a qeaeaae rfi erignmess wim open^tlng time la a cypcai charactenst;c of 
pnosphora. Funnefmore, the rate of decay is suaatantially increased if the phosphor panicles are subiecied lo 
cpndttiona of nigh humidity «hle Demg operated. •Asnospnenc water •apor is pamaps me moai imponani 
aaver^e influence on eiecprolumincscence maimenance from me point of »icw of practical appitcainn." iDiO- 
This effea of moisture or high humidity is rofen'ea to herein as 'humidity-accclaratea oecay'. 
35 Decay charaoensiie oteefveo ounng operation ai zero relative humidity are referrod to as the inmnac 
maintenance cnaraderisiica or intrinsic oecay of me suP/oct phospnor. The mmnsic aecay vartoa wan operaung 
oondiuqns such aa voiiage. frequency, ano temperaiure, but is essaniially reproduciple for a given phosphor 
for a grven set of operating oonditiohS. Aa noiea Dy Thomion, opetaoon m high humiolty, e.g., roiaqve humiaiiy 
of yaawr tnan ateut 60 poitenican increase me decay raie Oy a facwr of 10 or more with respect to the suPiea 
^ prnpnor'a Intrinsic dacay. 

Panlculata EL phoaphtfa are most commonly usao in thiefc film con8m*a>ona. These devices typcally 
siduae e layer of an oiganic dielecmc maew, e.g.. poiyesiar, potyetnytane terephthalaia, cellutesic materials, 
atc^ ^eferaDly having a nign dielacrtc conamnt, loadaq wim phosphor partidaa, e.g-, aulfWe ^seq p hoaphor 
rmkm SucH layora ara sypteally coeiad on a ptaadc su^ate having a oansparam ftoni eiearooe. A rvar 
40 ^acrado, a^^ an tfwmlnum fW or aawn printed siver wk, is typicaOy applleo to ma oai* aide of die pnospn w 
layer. When an ^acaie fMd ia applied ocmaa tna elecDOdea. ma piuimata portona of me layer emit light as 
me phoaprw partdea memin are esdtod- Sucn conaijucdona ri»y funher compilae opoonal oietecmc layers 
B et ween me phosphor leyer and rear aiearedea. 

Organic rmotea and coadngs can temporanty delay or a(o» me rate of humtahy-acci^erated oecay. ho*^ 
m mm.mf molsnro pDimeetaa ma maata or coaong. rapid lose of luminaa«ni Dfightnase Is lypiealhr exhiDitod^ 
Qi^jp mavicaa and suftaaaie matonals have typically been insutfldendy effacdve m piaveniing diffusion of 
waifv vepor to the phosphor ponidea, and have sccorflingly been inelfcclive m piavonting suos«?uent decay 
of brightnosa- F<r mis reason, mick film eieceoiuminascem devices are eypicany encasad in relatively mic>. 
e.g.. 25 to 12S mioons. envdopos of moisture^s^siani matarrals such as nuorochloroca/non poiymora such 
ss ea ACtAB Pdymara frwh Allied Cnemcai, Some of ma prooiems wrm such envelopes inaude typically suo- 
etanbaJ expense, unlit borders, and potenoal for oaiammation. e.g.. uncer neaL 

U.S. Patent No. 4,097,776 (Allinltov) oiadoaes eiecttolummoscem phosphors costad with a uquid crystal 
ri e soiwtion^basad tacnniquB. U.S. Patent No, 4,508 J60 (Olson at aiO disdosea encwpsutaoon of olecirolum.^ 
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rwscant ptioapnors vio *acuwm d^sibon of canoin poiymera. 

\x 13 also wn TO qncapsuiaio pnoapnor panidas m »norganic awiinss, e g^. oawfl* coaung^. U.S. Pawni 
iskk 3.264.133 (BfOQk9) dtsctosBS 01© dapoaiDon of coaiinga sucti as uanla (TiOj on prmphor partiaea py 
waatijng me paniaoa in a praaominanoy aleafic^ aolwdon of i haiog«H»niaimng canaufcont eg,, qranium lot 

5 rscnionde. ana men fliymg ana firing m« paitides- 

Vapor prwaa reaction ana aapos»tion procwjoa na»ro oeon uaaa to coai pnoipnor panidao *itn morganc 
coaunga. Swcn wcnniquea ara typically conaiqarea as auportcr in proviqing more compieca. ynifom, ana c»- 
feo-free coatings. Pnospnor paniaas entapsmaw mm aucn tacftorquaa nava a»mDitBO suDstandal ro9j5wnco 
(o rmmiaiiy-accaieraiad decay, however, sigmticani reauoiona in numidity-accoieraoBO decay of mmmeaceni 

10 bngnmosa nave oeen ooiainea only in conjuncpon wim greaify aiminwned iniitel lummoacent Prightneaa and 
in some inatancae, undeairaWe cotor an A of me light emrtiea oy me encgpsv^aceo pnoapnor partdea. 

For mawnco. u.a Paiem No. 4.855. 189 (Simopouioua ai ai.) oiactoeaa oncBpauledon of pnoaphor pansaaa 
«im SlOa via 8 cftomical vapor dapoaitjon proceaa ("Cvcn wnerw pnospftPf partdw am suojoaco lo a wm- 
peraiura of abouc 490«C and an aimoapnere of oxygen and adano oaa wn*le oeing agitaied. Pnoapnor parocjaa 

IS ancapaulaw in aceomance witn inia reference nave bowi foyno vo oanibtf e auPatanM rgduciion in iniua) a(e«> 
ffulumine^cem Drignmeaa for gnm exdiement conditiona. 

Air Force Techntca* Ropon AFFOL-TH-68-103 (Thoinoaon ei at, July 1968) diactoaea w aporpn aae encap- 
sularion of e(ec;rolufnine9cant pnoapnor panidee for mo purpoae of anmpiing to improve peitonnancB ac al»- 
vaieo camoeraiuree- Thai rqfarance owdoaea use of a flwidizod ped cnemica* vapor aapoartion ('CVOT precaas 

20 va depoao aeveral dMf«nt oxide eoaUnga onto zmp autflde-tosod pnoapnora, Oxiae coaiinga erera depoailed 
from a vanety of piecuraor materiaia ai furnace aeoinga of abeui 200-0 (o aooui SOO*^. Tna raaoor mmperamm 
profile waa aiicft tnac me maximum lomparaoire wiinin me macoon zone waa cypicaily lOO^C nigner man me 
nommai temperowre aeidng. accordingly, me maximum iempora04roa ^min me reoccor rangoo up«id of 
aDoul 300*^ for me vanoua oepoaiiion nma diadoaed tnaroin. Trtania-coaied zinc auifide«inc aelani^o pnoa^ 

25 pnora «ere founo to nave a reduced num»dlty-accoiera»d decay, out me micial luminoaceoc orighmeaa of me 
ancapauiaioa phoapnora waa gnjy aboui 25 percent mat of ma onginai macenat in uncoated fom. 

The pnor an ooae noi Oiaooae a tecnnique for oncapautadng pnoapnor paruaea gist prqvidea deairao moia- 
twra^eaiacince eoupted nign iavaia of initial lummaacani orignmoss relative to mo inu'iai twmlne^canc onghi-- 
nasa of me uncoaieo pnoapnor parodea. 

Svimmary of in»emton 

The prasem inveniion pro^idaa na»el encapauiaiad pnoaphor paitidea having mm. suPssaniiaJly D-anapa- 
rent oxioe coatinga whicn exhibit wnexpecieqiy nigh inidai lumineacant brignmea^ coupled *fth surpriamg rasK 
35 sianca to numidiiy-accBieraied decay of lymineacem Dngnmoaa, The preaem invention alao ratataa to a novel 
memod for making aucn encapauiaiad phoapnor paniaas wtitzing raiapvaiy \om lampeiaiwe »apor phase n>d- 
rolyaia reactiona and depoaidon piocaaaea. 

Briefly aummarwing. encapaulated phoaphor panldea of the m vantkm aacn compriae a pamde of luminoa. 
cent prtoapnor •hK*i ia eaaentialiy completely encapaulaiefl wimm a aubaiandaJiy iranapareni. commuoua 
oiide coaflng- In eccwdance wim me invanijon. me encapaulateo parSde naa an oleanHwrnmeacent bngnmaaa 
^ich ia equal » or yoater man 50 percent of me lumineacsent Dnghwoaa of me original uncoated pnoapnor 
partfciB when excM in me aamo manner. Fufmer, encapaulaced phoaphor panidea of the invendon exhibit 
auOaantMy f«ica0 humWliy-ecceloratad bngngieaa oecay, i.e.. meir Drightneaa decay charaoeriatica m 
operadng condiiiaiia of 95 penani or mora miadve numioity are auoaiandaily tna aamo aa their mmnajc decay 
45 cnafaciartodca.autfimaiinepefcemflf«iecaoiummeacanit»ngnineaareiain^ lOOnoureafoperaQon 
in an envirewneni naving a relative numidicy of at laaat 95 percem »« greaiar man about 70 pw:ent. prof eraoiy 
greater man abow 80 percent, and moat praferaoiy greater man aeow 90 pefcent of me mrtnaic engnmeaa 
of mo encapaulateo pnoapnor panicloa rewined following lOO noi^ opaiaoon under auoattnoaily ma aame 
operadng condiiiona of lemperaiLre, and voltage and frequency of applied eiecmc field, inmnac pngnmaaa of 
50 me encapautewj phoaprw parHdea rafwa « me eiecooiumin«cam brigmneaa of aucH partdea when oper- 
aieo under a relative hurrvdity of teas man 10 percenc 

In fcrtef aummary, the novoi memod of me mvamton comprisas; 
a) prowiding an agitated bad of phoaphor panfclea: 

D) heating me ead m a tamperanire of betwean aoout 2S'C ana about 170«C: 
55 c) exposing me Ded to one or more -apcy Phaae oxida precuiaora auch mat me prwwwa <=^^^^^'^y'^^ 

andfoimhefmeife.3uba«niiallyaBn3parentoxjdeco8angaonina8uftacaaoftnep^^ 

aaaontially encapsulapad pnoapnor panidea: end 
0) cooling mo reauiiant oncapsulated parte a- 
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Tne initial el«ctns|umin«sceni Wflhrnosa of encapsulaiBd pnospnor panidw of tn© indention la typically at 
)mmi atrnift 50 porwni of ma miiial lummescem Drignineaa of me pnoapnor parade? in tneir miiial uncoatoc 
mne. pwforably 9 least aoout 70 poreeniof ihai tntM pnghtnosa* and moai preferably at loaat about ao percent 
of tfwa fliW Piighvieea. The bngfnneM decay during apOTion «nae exposed to hisP numidifir, e.g,. relative 
5 nuin^ity of over 80 percertu id fnucfi leaa man mat of me uncoaied pnoapnor under mo same condiiiona, and 
to typically eubaiamiairy me same ae me inoinsic decay of me auDjea pnoaphor. Pnoepnor panidea of me in von- 
don piwide a aurprtaing oomomaoon of nign midai aieccroiumineaceni ftrighmasa and numioity reaiaianca. a 
conbinadon **nicn *W9 neretoTore unavailaoie. 

}0 Brief PaacnptKan of Pra^rinq 

Tne in^ndon wiO Po funher explained wtm reference to the drawing, therein: 

Figure ^ ia a atfwmatic diuagation of one omDodimeni of me memoq fdr making encapauiaied pnoapnor 
paiddss in ocoorqance wim ma praaent invention; 
18 Figure 2 to a crow-aecdonai iliuwation of pnoapnor parddes of me invention; and 



Figures 3 and « are graphs illuatratkons of me decay cnaracienauca of iHusmive encapsuiatea pf^ospnor 
paiddaa of me invoniion ana mo decay cnaraoqnsno of uncoaied pnospnor pamdea of me same compo- 
salon, 

Tfteae figure* are ideaiseo and are intended to be meieiy illustrative and nonHimiiing. 
Pete ilefl Peacnpdon of nluafraove EmPoeimenP 

Pnoaprnr paitiaea uaod Jn me invention compriae zinc aatlde^oased elocox^umineaceni matenala. Sucn 
poospoOT are •eihknown end comnionly include one or more of aucn compounda ae copper sunde (CuS), 
zinc a^en^e (ZnSe^ and cadmhim amfide (CdS) in solid aolutfan wimin me zinc syfide crystal sirvcium or as 
aeoand pneaea or oomatna wimin me pardde struoure- 

Pfnspnva coTsnonly contain moderate amounts of omer materials sucn as dopants, e,g.. oromino, 
cnlwine. manganese, ariver, eic. as color ceniefs, as acovaicw. or » modify defects in me partt<3e lattice lo 
modify propemes of mo pnospnor as desired, Pnoapnoi^ useo in the prownt invention may oo fomiuiated rn 
ecoQfdence vim conventional prBCiices. 

Good results na^o Doon obtained wim several commercially awadapio phospnora including Sylvama Type 
723. 728. ana 830 Pnospnor?. SyWama Type 723 is Deliowed to be a copper-aciivaiBd Zinc aulfido pnosphor 
*tiicn provides green fluorescence under an applied eiecmc riew. Syivama Type 728 *s bolieveo to oe a ca^ 
p«r-aa<vQfad zinc sulfide phospnor which prowioes green ftuoreacence under an applied etacthc field. Syiwan* 
Typo 830 IS DOlioved to oo a blend of coppcr/manganese-activaiod zinc sulfide and copper-aaivatad zmc aul- 
ffde wnich prxivioes a •hite fluorescence under an applied eleanc field- 

Pnospncs' partiaes used herein may De of many sizes, typically depending to lar^e extent on me panicular 
appli^tiQn. Phospfw parddes naving average particle dtametefs of beneeen aoMt i and about 50 microns, 
preferaoiy beimen about 10 and 40 mioons, are typically useful for saeen printed and io|l cMtod panels* for 
CRT eoeena. Iigm eulbs, aa as many omer applicationa, Phosphor parMea whicn are too large cnay inter- 
tore wih fwrnedon of very min phospnor layers, may result In grainy tr nonuniform light output and typically 
tend to aeido too quiciay ttom suspensions during devtoe fabrtpaiion. Phosphor partaeo wnicn are too smai 
may tend b degrade mew rvprfSy during use due to ino^ased relative suface area, may tend to agtf omerate 
90 «a rfn*feni w<m free flow chaiaooristtea- and may be djiflculi m ma wiin b^ndeie in deaiiaoly high loadings. 

Encapairfatad phoapncr parddea of me invention ar« essentWy completsty coated with a aubaianiiaily con- 
dnua4a taning trf one or iwe ojddee- As used herein, "oicide ooadng" means a materW made up prtmarty of 
maoi orim and oxygen, but wnW» may conodn minor amounts of omer slementa and compwnoa onginadng 
In me pmnNT maiarWa or pnosphor panides, whidi can be gsnerated in raadng form on phosphor partdes 
under me aandHtona deatTiM herein. Advantageous resul* have been obtain*! irtth coaSnga of wania 0^ 
ma diani»/slt» TXVlSCal, It to oelieved mai u»o1u\ reautD may aiao be oboined wan other osides fatned 
fttm precumom in low temperature reaofana sucn as sUka (SKy. alumina (Al,0,), oside (SnOj. zirconia 
(ZiO J. etc., end sinilany fomed compound oswes sucn aa mulilie (SAIaCVSSlOa)- 

Tne QJt^e coaong to auOstant«i|y transparent ana is typically oetween aeoul 0.1 and 3.0 microns mtcK 
prwferauy oeiwoen about 0,i and about 0,S microns mie*. Coatings which sre too mIn may tend to prowde 
tneurrictom impermeaolity to moisture. Coatings *nich are too mid^ may tend to oe less gansparant and result 
in roducoo orignmeas* 

As mentsned above, tne novel memod of me inweniion comprtoeec 
a) providing on agitated bed of pnosphor parxid s; 
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0) hearing me beq to a temperatbre of oeiween about ZS^'C and about 170*^0. preferaDly becvvean apoui 
100*>C and aDoui 150"C; 

c| expoa^ig tfie bad to one or mora vapor pna$e oxide precwrson 9ucn tnat the precursor? crtefnically reaa 
to foffn Qsidea in tha prasanca of tna pt^oapnor partt4ea and Cmpe^mi on tnm suitaeae of the pftaaphor pof- 
s t^claa an asaanoally continuous, substantially vansparant oxioa coatmg, maraby yiaMtng eaaontiaJly encaf>- 

3i4)atiid pnosphor pamdaa: ana 
d) cooling trie resultant ancapswleted parMaa. 
An illustrative arneodiment of tna novel procaaa of the invention m sfuiwn acnematically in Figure 1. 

Ounng manufacwra, pnospnor partWoa may typically oe waanoq to remove raaiduBl amounw of dopano 
TO Ion on tna auff acea tnereot. e.g., copper sulfide may Da removed «riih a poiaaaHim cyanide adutlon, GenaraJiy. 
cofnmarQally availaDte pnospnor parrictes are auitaue for uso m trte preaent invention in 9ta cQnolilon supplied 
Dy oie manufacturer witnout any funnar ^ecia} surTace praparaiion- 

Uncoaied pnospnor parttdea 12 sre piacao in reactor u and neatad to eefmen about 25*^ and about 
170**C. praferaoly oaiveen aDoui10Q'*C and 150°C. In order to formauoacanoaily coniinuouB coatings covering 
T5 aasanoatly tna entire auifacea cf me pnospnor p^ntdea, ma pamoaa are prafera»y agrtataq «mile in tna reap- 
tion cnambar. ifiMSbative asampiea of uaafu) mamoda for agltartng ma pnoaphor panicles inoude snaacing, vi&- 
raong, or rDtating me reactor, silmng tna paraaes, or suspending mem in a ftutdtzad Dad. In sudi raacson 
cnambora. mo panioaa may be agitated by many differani ways aucn Aat eaaandaiiy ma anbra surface of eacit 
panido is espoaed and tna parades and raaolon preeuraera may be wall marnnixao. Typcatfy , a prafairvd reae^ 
a aon cnamtror ia a fluioizaQ oad reactor. FtuidtelrTg lyptcotly tonda to olfscttvaty prv«orn aggtamsreaDn of tho psi^ 
Qdas. acnieva unifann mismg of mo pamctea and reaction precursor maiarWa, and provide more untform 
reaction conoivons, mervby resulttng in nigniy unifonn ancapsutation cr^aractansiics. 

Aimougn not raqunad in many instances, it may ba desired wnan using pnospnor pantdea wnum tend to 
agglomerate to add fluidizing aids, e.g., small amounta of fumed sitica. Salactfeon of sucb aids and of useful 
35 an«9unts mereof may be readily determined by those «im ordinary sIkUI the an- 

Pracuraor materials m vapor pnasa are men atidcd to me raaaor. The preaam mvafltion utilizes a vapor 
phase hyorolyais reaction to form a coating of owda matenai on me surfaces of me phoapnor panicles mersoy 
encapsulating tnem- Such process is sometimes referreo to aa a cAemicai vapor deposition ("CvD") rQaciion. 
The following ts an illusvatlve reaction; 

^ TiCl ^ 4H,0 ~^ T4.0, T 2H,Q ^ 4HCI 



In tna atustraaon. water vapor and [iianium leiracnioride are consiqereo ozjde precursor maianaia. 

One tacnniqua for gecung me precursor matenais into vapor phase and adding tnem to me raacuon cnanv 

35 oar IS to bubble a stream of gas. praferabiy mea referred to naratn as a carrier gas. miough a solution or neat 
liquid of ma precuisor maceriai ano man into me reaction chamber. Hiusvativa asampiea of inert gases whicn 
may be useo nerem indude argon and mvogan- Oxygen ano/or air may alao be used. An amrantsge of mis 
tecnniqua is mat tna earner gaa/precuraor straama may be uaeo to Kurdto tn« phoephof panidaa in the reaction 
chamov, mereby fsdlluuing me deaired encapsulaoon proceaa* In aodMon. auon a teehniqwe provides moans 

40 for readily ODnirofling maraia ofintroducdon of me precumor rnaMriaia mto m« raacur. Referring again to Rgura 
1 . carhar gaa 2 la bubbled tnrougn water buaoter 4, to produce water vaporHsntammg praoaaor stream a. ana 
canter gaa 2 la also bubbled mnugn aanium teaachtoride bubbler 6, to produoe tinnium teaacnlohde-con- 
taming pracuraof sovam 10, Precutaor streams B and 10 are men vansportM mo raaOEr 14. 

Pracwaor flow ratea are adjusted to provide an adequaia deposition rgia ana to pivf ide an oxide ooaang 

43 of dosM quality and cnaraetar. Flow rataa are adjusted sucfi mai me latna of precuraor maianaia present in 
tna reaaar chamber promoca oiida deposition at in* surfaoa of me phoapnar panidaa aubaonbaiiy wttnout fo^ 
mabon of dlsaeto. ue-. frae (loasng, oside parcictea. aisesmare in the chamber- For azample. when deposiung 
coatings of titania froin titanium tancniorido and water, a hign ratio of cetmcniortte moieculeQ to water 
molecules is mamtainad aucn mat most of me avadaUe water m me reaolon chamber ramaina abaorbeo on 
mo surfaces of mo phospnv paniaas and litae ia in free state etarahere in me chamber. Sua> a ratio is also 
Ddlovod to ^xmm ma fomtabon of more anhydroue tttana flima *nich ar* believed to pruvde optimum pro- 
tecbon against humidffy««:ceieratBa decay. 

Optimum flow rataa for a particular application typically depend In pan upon me tempenajra wimin me rsso 
lion Chamber, me temperature of m© precursor streams, me degree of paniaa agitation w»tnin the cnamoor. 

55 and mo particular precursors being usee, out useful flow rates may bo roadUy detennined wim »iai ano on^or. 
in prafoired omoodimenes. me no* rata of earner gas used to tranapon tna pracuraor materials to me reaction 
cnamDer is sufficient to agitate me phosphor partdes as gesired and also transport optimal quanotias of pre- 
cursor materials to ma chamber. 
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PT«raratf>. tnq precursor mftierials nave iuffici nOy nigh vapor pressures 5nai sutficfem qwgntiiies of pre- 
oinor mawiaJ pe tninspcartad inio tne reactor for iho hytfroiyaia reaction and coa^tng procesa to pmcaoa 
81 a convenletrty faat rate, Fcr msiance, precwreor ma torials having nigner vapor pra^awraa win cypically provide 
Aater oepoaioon mm n\w will pfocwwr mawiaia hairing lo«r vapor proasurea. merepy enaoiing mo use of 

5 %nanm oncapaulauon limaa. PmcMraor aourcea may Do nwxM to ina«Bse tne vapor preasura of the fnater.aL 
nowavflr. inia rrwy noceasitai* neaiing of tuoing or omar moarw uaod s iranspon me precuraar mawriai to ma 
rvscw ao as to prw»em conoanaerion bewean me aourca ano mo leaaor. In many insiancoa. precursor mare- 
naia wfll do m me form of neai tiqg^Oa at room mmperature. In some instances, me precuwor matenais may Do 
0vail8Dle aa aubiimaoie solida. 

10 Precuraqr matariala mai are capaoie of forming noimeoc owco coatings via hyOnaly^ia reaajona at tow tanv 
pervtumst e,g.. Delow aDout 170-C ana preferaDiy Deiow 3DaCi( are prefaced. Advanogeoua reaulB 
nave oeon oDoinoo m\tr\ manium leoacnlorioe or ailicon leo^cWortde, and water aa precww materials, in aoai- 
don 10 aucn meiai cnloridea. useful results are also expeaeo witn moral aiko^taes, e.g.. liraniwm isopropoafle, 
siTican aifKuude. and zirconium n-pmpMide. 

15 PreferaDiy, me mmuafly foactive pmoifsor maieriala, e-g„ TtCU ana HjO. are not mixed prior to being 
•Odao to me reaov m oioer to prevent premature reaction ^min me iranaport system. Accoroingiy, muuipio 
gas stroama into me roacxor cnamoer are cypicaiiy provioeo. 

The lomperatMre of mo reacaar js maintained ai ben^eon aDoui 25»C and about ITO'C, ana prefcraoiy bo* 
thvoon aOQut lOtrc ano about 1S0<*C It naa been oooenreo mat encapauiatton procaaaea perfomieo at imy 

3D porsibivi wimSn mia rmnge pn>»ldo depo^Mon of aeairod hefm^tic co^tinoa mat prowKS* desired protecnon 
against numidlfyHiGc^mad decay wnite avoiding intrinsic memiai damage or adverao mofmocnemical reac- 
oona ai the auiteaa of me partioaa *nicri cause undesirable loaa of initial pngnmeaa. Encapsulation processes 
«flM are pevf^imd at tampetaiurea emicn are too lo^ may tend to result coatings whicn do not provioe desred 
maiaiance to ruimtdtEy-accelerated decay. Sucn oooringa are noi auffkaendy imiscure impemieabie, a result it 

39 0 M«vad of having a mw« open or mora hydraied souaure. Encapsulation processes wnicn are pefformea 
at tBrnper^airva ^icn ar« too high may reauit in decreased eieqmiumineaoeni bnghtneaa. undesirablo 
cnuQee or shifto In me cdor of me hgm emtned by tne suoject pnosphor, or degradation of me inmnaic decay 
cnereciertatica of me auP;ea phosphor material. 

AimoMon It nas been suggested in me pnor an tnai exposino phosphor parades to high temperature?, e.g-* 
JO above about 350"C. ^enda to reduce tne injUal luminescent prightness tnereof. it has been found mat pnosphor 
poniclea may be degraded Py exposure to lo»er temperatures, e.g.. about i70 lo aboui 200'C, unaer certain 
condrtions, Wnile I Qo not •ish to be bouna oy this meory. it *s posa4iateo mat pnosphor materials are noc sen- 
sitive only to me tempeiaiUfW to whicn ihey are exposed, out tnat one or more effects caused by exposure of 
me panides to canam compositions, e.g.. exposure to canam compounds, also exist, ano tnat such eftecQ 
33 are aiao depenoent upon temperaiuro. A specific mecnanism is not yet detemiined, but it is believed that me 
stfface qf the phosphor parades may undergo some change by exposure to sucn agents as hydrocnionc acid 
sucn aa 0 genoratod during vapor generation and deposition of litania coatings fmm titanium tetrachloride 
which effeca tne li*nineacent bngnmess of the resuttani encapsulated panlae. 

Accofd'rgiy, encapsularton of phosphor panicles aa described nerein is preferably performeo at lemporat- 

40 ur«» becMen apoui 25'»C and aooui 1 1CrC preferaoiy beiMon about 1 OO'C and apoui 1 SO'C. Rofening again 
n Rgum 1, f^Mng enapauladon, encapsulaied pnospnor pantctea 16 of me tfivention are removed from 
ra«&r 14.* AS iluftTVteo m F^uro Z. typically encapsulated phoapftor panidee 20 of me invention oansist 
eaaeiirlalli of pMUp 22 of phosphv material wnicfi ia eeeentially compieiBfy encapsulated within auostantiaily 
wiaparant GonHnuQUs oaide coeilng 24, 

40 Encapvulaud pnoaphor panidea of me mention provide ooih nign rvaisance to numidlcy^GCBierated 
de^y and ouoawnMy rwain meir imifnaic prooenlea. For inawnce. mere ia typcally litde or no shift in ih 
vmaasn spoom of phoaphor pemQ«s encapauiatM aa ought hervin. wch pamdee lypicdly retain a subsian- 
W porton of tiM* inWai lunln«ceflt brignmesa. and me imftnaic decay cnai»aoriaiic» are typically slmiar to 
or even OPflar than moae of me uncoated phosphor pantdos. 

8» The rveiaianca id numidrty-ecceieratea decay ie typically sucn mat me rate of biignmesa loos -hen oper- 
atod wnae dlreojy exposed to nigh humioiry, e.g., a relative humidity of greater man 95 percent, is substantially 
m greaiw man me inmrwic br*ghmeaa loss sshibitod during operation m a eay envlronmeni. e,g.. a raiatrve 
humdey of loaa then aoout 10 percent. In an iluatrapve example, me luminescent Drlgnmeaa of an encapsuiaieo 
phoephor of mo invention, after peraiion for 1 00 noura in an enviionmom having a relacve numidity of at least 

55 95 pon»nt « over 90 percent of me luminescent brfgnmeaa of simflarty encapsulated pnospnor panidos 
aftor operation fcr 100 hours in an environment having a rewiive numidity of less man 10 percent- 

Figure 3 Is e graphical ulustratjon of me reiaove absolute electroiumineacent brighmesa versus oine of oper- 
eiton of ifluswUve encapsulated phospnor panidaa erf the invention and me same phosphor matenai m 
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wnooatad in Figur» 3. ire difference in posinon on me Y (vemcal) acts is proportional w in differenca 
in apwaiuw brigninoaa of m auDjoct pho^phom. Eacn curve «a& denvod from me averas* of werai sampioa 
of ma indicaiad rype. Cuiva 50 repreaania ine decay cnaraoenaiica of uncoatad pnospftor matenai operaiaq 
in a dft anvironmonc (rotaii^e numioicy lasa man 1 0 percani) and Cwrve 52 reprosoma mo decay cnaraaensncs 
of uncoated pnoapftor maieriai operawo in a ntgn numidfcy environment (reiadva numidiiy over 95 percent). 
The auManaal dWerence tonveen Cufve 50 and Curve 52 rapraaenta rmmid'asr^ccaleratea engnmaw de«y 
of me uncoaw prwaphv maieriaj. Curve 60 represents me decay characierlawa of oncapaulaned phosphor 
paiticlea of me game phosphor maienal, encapsulated in accordance wiin mo invention, oporatBd in the same 
dry en vinsniTwnt. Curve 62 raprasanis mo decay charaaerwtics of encapauiateo phoaphor parti«4aa of the samo 
phosphor maief<a4, oncapauiawd in accordance wim ma invaniton. oparaiao in me wra hmnid anvirDnmoat 
deacnoeo a^e. The amati oiffventias Denveen Curvoa 60 ano 62 indfcasaa mat numioiry-acceteraEeo Ongnt. 
naaa decay haa bean ^uMneaily eliminated try encapsulation in accoroanca wim me present mvenQon, Cur- 
w«a 60 ana 62 begin at lower aosoiuia bngnmaas, repreaenting me reoucsion in initial etearotuminaaceni 
Dnghmess (about 75 percent of mat of me uncoated phosphor maiailal) reauldng from the encapsulation pro^ 
75 cssa. Such perfbrmance is aubatantlaily beoor than that achio«Qd wnh prwiDualy known encapsulation lecnni- 
quos. F« instance, pnospnv panidea encapsuiateo in accoroanoe wim u^, patent No. 4*655.189 have oean 
ft)und CO nave an inmai orlQntnesa of only about M percent of mat of me uncoated pnoaphor- 

Figure 4 la a graphical illuavadon of the percent of retained lumineacBni bnghtnesa of ead) of ma 9ubjea 
phospnoia vorsua time of operation of encapaulaiao phosphor panides of me invention and ma same phosphor 
20 material in an uncoated state. Eacn curve was danvoa from me averse of aevarai of »ampie» ef mo mcicaiod 
typa. Curve 54 represenia me decay cnaraoanatica of uncoated phosphor maianal operated in a dry environ- 
ment ireiacve humidity iess tnan lO percent) and Curve 56 repreaents me decay cftaracionsoca of uncoated 
phosphv matanal operated in a hign numioity environment (relative humidity over 95 percent). Cun^ 64 rep- 
resents me decay charaaenstics of encapsulated phosphor paixides of me same phosphor matenai, encap- 
25 sulated m accordance wim me invention, operated in me same dr> environment. Curve 66 represent me decay 
cnaractansiica of encapsuiatad phosphor panides of me same pnosphor rnatenal. encapsulated in acoardance 
wim me invention, operaoBO m me same humid envirenmenL 

\n accordance wtm me preaem invention, encapsulated phosphor partidas may be made whicn exhibit the 
exceptional rvsistance to humidity^ccaleratad decay descnbed above and also provide high mitiai etectroJumi- 
30 nescent bnghmess. For instance, encapsulated phosphor paitidea ot tne invention can bo made «im Syivgma 
Type 723 Phosphor which exhibit an initial electrolummescant bnghmess of at least about 15 fooMampefTs, 
preferably at least about 20 foot-Umoena. rnosc preferably at least about 23 foot-Lamboits. as rnpasurofl by 
providing a ^Q0 mici^n ihicii layer of me encapauiaiod phosphor pamdea in oiaiewic oil (castor orf) wiin an 
ITO on glass electrode (transmission about 90 percent) mat nad ooon sprayed wim suostaniiaiiy vansparanc 
J5 aoyiic coating aooui lOOP angstroms micli morepwor. tno layer coniaintng 66 weight pofcont of phosph r par 
tides, applying an aiocmc field having a voltage of about 600 «oita and a frequency of about 500 Metu, ano 
measuring me magmiuoe of light emoted mrtaugn me eiectrooe- In an uncoaieo state, 5ywania Type 723 Pnoa- 
prior «as found to eshiba an mitlal etectroiuminescant origntness of about 29.5 fooH^amborta^ In an uncoatog 
state. S^vania Type 728 Pnospnor haa been found to eshioit an initial etectroiumineacent brHjhmeas of about 
40 31 .5 foot'i^afrMm. and ericapMatoa pnospnor panides of the mvemion having bngnmeaaes at least about 
16, pretaaofy 22, end moai preferably 25 fooi-Lambena can ba made merevrim. In an uncoated state, Syivama 
Type 630 Pnoapnor haa been found to eAhibii an iniuai decirolumineacent br?ghmeaa of about ii fo t-i.am- 
bero, and encapsulated phoasncs' paitides of me invention navrng brighmesses of atleast about 6. preferably 
6. and most prafefably 9 foot-Umberv can be made mere<«im. 

45 

Eatamplea 



The inventipn will bo funn^r ojcplained by me foMo-rmg illusvaiive examplea *hteh are intended to be non- 
iimmng. Unleaa omen-ise indicated, all amounts are espreascd m parts by -eight- Row rws lefer to mo mot- 
so ered volume of earner gas (nitrogen gas) tnnmgn me indicated aoluuona. 

Encapsulation Process 

Fluid'eeo bed reaoora consisting of glass-fni type funnels wim a smgie bottom intai ana size D frit were 
55 used. Aa indicated below. 20 millimeifir ano 40 miilimeiar reactors modified for oil oam inw^atsion or for neanng 
wim mchrwne wire weie used. The 20 miflimoter reactors were used wim a single gas inlet tube and me 40 
miilimetar reaaors wim two gas inlet tubes. The gas inlet ojbes wara gtass woes, io mmimeiora in diametor. 
wim Size C glass fhis which wore inserted into tna (lu^ized ped emending from tne top of me funnel to inuoouce 
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19 



flsa 4M me»i wgacnlonae vapon mw cne reaction zone, a separate moe i^as connpaoq lo me Doaom 
of dm roaonr and water vapor mrooucea inco me raaccar inareoirMgn. 

BuODi«r 9i» wWB apout 300 miPPiwre for tne 20 mllimewr fliemocer raatfpfs and BOO mflfliiora for tno 
40 ireilirpaMr dlamewr reaaora. 

Cmtmr goa ana watar vapv mto paaaed mrougn ine funnel fm auppontng ma pnoiptigr paixictea. Reagent 
Or^aa naas llquida of tianium tatraduoride and ailicon tarecmortta from Aldnch Chamhal Company were uaed 
aa indicnod. 

ari ^hqiaaa 

The elecrtuniinaaceni orighmaas of pnosphor samples mb eeienmned in lew caiia comprismg a 
(Twnined aJummum grid w\m lOO miaon spacing oecwaon otearodea- Eacn ceji was filled wnh a mwoira of 
phoaprw pardaaa and liquid oialaanc ori. Dow Corning FS 1 265 fluoroadicon oil or caaior oil. at apout 66 weignt 
pomnt panlaaa* a nnaparant mp aiaarede cemprisiing a anaet of indiun im oxioe coaieo polyester film (DX 
iTCyPE fmn Soaamil Corporation), having about 90 percent transrmssion. «aa mowntad over me pp of ma 
9id- Tom wan nin under an applied eleonc fiefd of 220 voita. 400 Hertz, m sealed Dattary iars iruiimained 
wiin w«er-aaiuraiad air, La,, raiatjvo numrdiry of aaove 95 percam, or d^ccant, i.e., iviaDve numicity of oeiaw 
10 percem. Samptoa wera run conimwously for at teaat K npura. 

9 AWiwaflona 

Tlia foilowfrtg aaarwianona are uaeo m reponing mo examplaa: 

aa Xbbcav- Weaning 

IB initial Brightnasa ot phoapnoc saopla at 

beginning of brightneaa ta»c as percencage of 
initial luwineacanc bcightnesa of »a»o 
« phosphor in frean, uncoaced condition, 

RB Retained Brightness of phosphor sample after 

about 96 hours continuous operation of 
brightness cell as percentage of initial 
* Brightness of same phoaphor- 

BM ReUuive Humidity under vhich luminescent 

brightness vaa determined* 
m SEH Scanning Electron nicroacope. 



f^ioapnof SpeoficaBona 

Comrwroany avaBaPle Syiwania type 723. 723RB. 72B, and 830 Phoapncn were waad In me Ewmplea 
aa indlcaiad* The phyaical pmpertlQa of thoae pnoapncra are repoiwd Oy ma aelier aa follewa: 



m 



90 
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TO 



T5 





d ^ #6 


Diecrib.^ 




Density' 






Txge 


25% 


50% 


7S% 




M 


B 


Color* 




723 


22 


28 


3S 


22 


4-1 


1.94 




green 


728 


24 


31 


38 


23 


4-1 


1.94 


Light 


green 


830 


22 


28 


3S 


22 


4.1 


1.94 




can 



^ Particie Si^e DxstriBution - Coulter Counter, size in 
micro»«ters ac listed percentiles, 

* iiatecial and Bulk ( "B" ) Density in grams/cubic 
centimeter . 

' Pieher Sub-Sieve Sise. 

* Body color. 

za 

Type 723 RB Pnoapnor nei been opseivea to exnlDtt a greater mH to Oiue emission when hign frequency eleo^ 
TIC fiplae aro applM, DMt « ocneiwise bafiewoo to bo 9gb9ianqaily uimiiue ip Type 723 Phosphor. Typs 723RB 
Pnoapnor ia raporred co have ma same pnysicei prppenios aa listeQ abo^e for Type 723, 

25 £*amp<e 1 

A 20 mitlimotBr diameter reactor nested wim nitfiromo «ire was used co encapsulate 20 grams of Sylvan ia 

Type 723 Pnospnor «itn utania. 

Dunng encspsMiation tfie tomperaiure was maintained at 137''C z 6°C. Tne flow rat(»s of ary nitrogen 
30 through the water and titanium auDDIers were lOO cantimeters^/mmuta and 260 cenumetersVminute, ro^poct- 

rvely. The encapsulation process was run for 4 hours. Small samples were removed from tne reactor a«ary hour 

ana immersed in O.l molar silver mtraie solution and obsefvea- The uncoated phosphor turned Dls^ wiihm a 

faw minutes as stiver sulfide formed at ina surface of tne partictes. Phosphor panicles removed after i hour 

turned grey, indicating incompletely encapsulated particles. Pnospnor pancctes removed after 2 or more h urs 
35 were unaffected oy me soiuticm. indicating that trey «ere eMOhtiatly compieieiy encapsulated witn a coating 

which was impemMOie lo the solution. N egligiWe change m colofadon of the immeraed panides was observed 

over a pertoq of several weeks. 

5E|yl enalysis reveetee thattf^ phosphor panidee had coaimg tnidmeeaea of beiMen 0.2 and 0.4 miaons- 

The ooatinge eppeered b compietety oever mo surfaces of the pertiaee and no poivs were visible. 
« Bhgninoea results of me encapsulated phoophor panidee. idenened as Sample 1 . em QOuteied tn Taole 

I below. The corresponding rssulia fer unireaied phosphor panscJes^ idenefied es sample a are siso listeo for 

oomparteon. 



Satttple 
A 
A 

1 

Tne RsQined Snghtness of Sample A differed marttedly petween operation in numld condit«na and opor- 
35 anon in dry condnjons. However, in Ssmpio 1 it wa substannaily me same, indicating high resisianca to hum*, 
city-accelerated decay, in other lasts. operation of encapswiaieo pnoephor panit^es of me mvenoon in hum^ 
nvironmsnta was founo to na^e resulted in a somewhat lower Rsiained Bnghtness than operation in dry en^H 
ronments. out in aii instances mo differenuai was small and high resistance to numidlty^sccelorated decay was 
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5 Sotfml 20 gnm oatchaa of Syl vania Na 723 Pnoipnor wore coawd «irti oianio oa m Example 1 . evcapt 
4ie avonga Kamparamr* and ftew raw «rB vgneo aa indtoted. T?ia raacncn condWona and Dngnweaa 
proponiea oT mo fvauitant encapsutQWd pnoapnor panides are caouiated in Taale M. 



10 

Sample 
2 

3. 
4 



Table II 




wacer ' 


Tici.' 


IB 


RB 


100 


220 


n 


85 


100 


220 


73 


82 


100 


220 


69 


S9 



S 


140 


200 


120 


72 


18 


6 


140 


170 


120 


66 


56 


7 


140 


120 


200 


73 


86 



^ Av«ra9« reaction ce«p«rdture in •C. 
* Flow rata through water bubbXer In 

cantiffloters' /winute - 
' Flow rate tncough TiCl, bubbler in 

centimeter 8^ /winute . 



Exaynplas 2-4 iluavata a tendency loward requcpo jmaai tummeacent Dngmneas won increasins rcacuon 
tampefaoife, indicatmg mai minimizaitan of reacoon jemperatura bela«f cenain laveia ia imponani for mamairv 
ing nign Initfal iwraneaceni bflgmnaaa- 

Esmplea S^7 iluairata a tendency vwarq inaeaaed raKandon of lumineaaeinl origmnaaa wttn nigner ratios 
of dmniuin voncrriorido m wawr precumor ftawa^ Trtia effaa may ha^a been oDaeived aecauaa the rosMJam 
oamiga intfa whh loner ram «re laaa annydroua or Decause me linuM aiTvura of avaUatta citanium ibk^ 
ledttorWe leauiwd tn plover reae^n ano minnar resultant coating, «nic» in micter tsorm migm na%e provided 
r leahtance m hunudtor-eoeaiaratad decay. 



4S 



Several deamea of Sytvanla No. 723 Pnoopftor were encapeumM aa In Esampie i avcapi (1) an oil Dam 
wm uaed m fnabnaln and average reaction tampemaire of aoout 140^ x 5"C and (2) dia cnicaUo buaater cen^ 
ained a irime of dianiuin teaacmoride and aflicon tetmcrooride in the indlcaiad vofcuna faaa The Itew mm 
mmugfi me water Puodw waa lOO cantinBiBfa«/minuw and die flow ra;a mnwgn me cniarlde Uiowar waa 220 
OP cendn^atBfi'/niinuiB, 
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Table III 



Saaple 


Ratio 


IB 


KB 


B 


40/60 


83 


89 


9 


gO/40 


87 


88 


10 


80/20 


80 


83 



1Q E*ampift3 1 VIS 

Se^ral baccnea of Sytvania No. 723 Pnospnor wero encapMBM as tn Example 1 oxgeps mat a ^ mih 
llmwer diameter raaaor ana lOO grams or 2Q0 grams as mafcaiad of pnosptior #cro usM. ana ma reaction 
was cononuaa for tfie indicawd time. Nimgen now rates inrowgn mo water ano annnrni catrecniaride ouDbiais 
IS 1 300 cube cemmmrs/minuia and 350 cuoic caniimetera/mifnitp. raspocthronr 



25 







tabl* 


IV 




3«apl« 




Aaaunc' 




IB 


11 


200 


200 


9 


14 


12 


187 


100 


7 


22 


13 


170 


100 


5 


32 


14 


1S7 


100 


5 


60 


IS 


150 


100 


5 


67 



* Avera9e reaction temparature in "C. 
^ ' Amour;t qf phosphor in charge. 

^ Lengch of reaction time- 

&^ampl«» 1 1-15 ilig^rato a tendency wwaro reauc«a miuai iMminoscenc Driflhiness witn incroa^mg ragcoon 
05 lempefHOiro. inaicaclr^ mat mmimtfaiion of reaaion temperature oaf ow cenam lovola is important for mamiam- 
ing high imnal luminesGoni DnghineGs. 

EKampieal»-2S 

40 Several ISO gram batcfkas of Sylvania No. 723 Pnosphor wore encapBulaiefl wttn tlwnia uairfg a 40 mrt- 
Itmeter diameiar reaoor wim 2 Dap gas irtois for oxioo precursors. The lemperaturo w» conooUea to x 2*C gf 
me Micsted value uino an oil Dam. 
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ic 



Staple 
16 

n 

IB 
19 






Tint' 


IB 


RB 


600 


5.5 


77 


87 


600 


6.0 


74 


82 


310 


7.5 


75 


77 


350 


7,5 


77 


73 





20 


138 


640 


600 


4 50 


8.5 




Zl 


128 


640 


600 


450 


7.5 




22 


128 


640 


600 


450 


8.0 


IS 


23 


128 


640 


600 


480 


8.0- 




24 


138 


680 


700 


550 


4.0 


30 


25 


138 


680 


700 


600 


4.0 



72 81 

71 80 
69 83 

72 88 

84 81 

79 88 



* Reaction t«»p«t»cu>^» in "C. 
' Flow rate through TlCl, bubbler a in 

« centl»eter8V»inute. 

» Plow rate through TiCl, bubbler B in 
centiffleters' /minute. 

* Plow rate through water bubblar In 
centimeters /minute. 

* Reaction time in hours. 

la Eaamptea 26-28 

Tnrae 20 giem Daichea of •ncapsMlateo pnosphor pqrecles wera mace using S»1*ana No. 723. 728, anq 
830 PnoepW. faepeowejy. In aacn case U»e phpapnor panictea were ancapsuJaied M«ing a 20 (ntllimeter 
dianvtarraacur neawo m an cU bam w an average lemperawe or apoui 128"C. The encapawaaon roacoqn 
lun for 3-5 noma ai tfte IndicatBa flow niiea 
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5 


Sample 


pnosphor 


TiCi/ 


water* 


tB _ 


RB_ 




26 


7Z3flB 


200 


105 


72 


83 




27 


728 


220 


110 


68 


83 


TO 


28 


830 


220 


HQ 


84 


Bl 




* flow 


rate through TiCX^ 


bubbler in 








centimeters' /minute- 








IS 


' Flow 


rate through 


vatcr 


bubbler in 







centimeceraVainute. 

20 Various moQiricqnlons ana aiierattmrn or ini9 invontion wtil oecgme appartm to Uioso sionod in tn« i 
QUI oapsnina from me ocope ana «pinf of oiia mvenbon. 
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ciaima 

1- Encapautacea aieceqiuiriinQscani pnoapnor paniaea. cnaiaoerizeo in mai aacn compnaea a partcia of 
eleeoDiufnineacant pmispnor «micn ta aaaenoaBy avnplatety oncapautaied wtffim a subaannally tran^pa* 
ranL conflnuoua ox'Kse coaang; 

«n«rQin saiQ ancapsuaieo pftoephor panjctea nav« an inmal otocooKifTiinescant Dnshine99 which 
is equal to or grasior Uian apouc 50 parc«m of tfie inibal otecrolgmineaceni pnghtness of ina unceatad 
ppospnor panicJaa. ano wnofom percem of tummascen? origntnosa reiainea foiiQwing lOQ howra opor- 
aiion in an environment naming a relatfwo numidicy of ar laaai 9S porcom is groaior man aooM? 70 percent 
oT me inwnsic prgnmoss retained frtiowing lOO noure operation, mo operation temperature, woiiage. and 
frequency Demg supsianiiaity equal. 

2. The anca^lacBO pneapnor pattidas of daim 1 funnar cnaraaenzea in at leaac one of tne following: 

a) cne mmat alacDelummaacant ongnmaaa of »a panicios la equal to or graaier man aooui 7Q percent 
of sne imiial niinineaoant ongntnaaa of me unGoatoo pnoapnor paniaea; or 

b) me iniaei eieawuireneacam ongnmeaa of aaid panwea ia equal pb or greater than about 80 percent 
of (he inMal lumineacant brignmeaa of me uncoaiea pnoapnor pani^ea. 

3^ The encapaulatee phoapitar paitidaa of da«n 1 furvier enaraaerizeo in ax leaat one of ma fallowing: 

a) aaid retained alecrtummeacent Wghmaaa ia greattr man apout BO perram of aaw inelneic origni^ 
neaa; or 

D) aaid retained aieoeolummeacani bnghmeaa ia greaiar man about 90 percam of aaiO Inmnsic oright- 
neaa^ 

4. Tho oncapauiateo pnoaphor parndaa of aaim 1 funner cnaraoertM at leaac one of me foilMing: 

a) aatd pariiciea compnae anc autttde-oased pnoapnor materiaia; or 

D) aaiO paroclea covnpriaa »nc 9utf)de-aaaeo pnoapnor macenata and qoftoin minor anrninv of one or 
mere of me foilwmg: cadmium, selenium, copper. Dromina. cniorme, manganwe. or artvar 

c) aaid paoxdea are between aoout ^ and aoout SO microna in diamecar or 

d) aaid part(do9 are Detween aooui 10 and about 40 mi^ona m diameter. 

5. The encapsulated pnosphor pafiidea of daim i furmer cnaraaenzeO in at leaat one of me following: 

a) 5aid coating ia between aoout Q-i ano about 3.0 m«ona m»* or 

b) said coating ia oeMen about o.i and about 0,5 mtcnina mio; or 

c) said coating comprfeea at least one of ma following: titania, sjlca, alumina, dn oitae, xircoma. or muh- 

13 
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«. A pnacaaa for enwauiailna phoapnor paitidea in sub^tanOaBy cranspareni wioo coaonga sa^a procesa 
cnaraoartTOd in it compnaoa: 
5 a) pfowiflinQ an aetawd oao of pnospnor parades; 

D) noadng aaid boa lo a lomporaiuf a of betwaan aboui 25'C and abous 1 70'C; 
c) azpoaing aaid bad lo ono or mora yapor pnaao cwiOd prwawora aucn mei aaid precuraore cnemicaily 
reaa and (ofin naimonc, subswnnajiy wnaparant oxida coarings on tno surfacea of aaid partidoa. 
rnaraby yioldma oaaanoaily ancapswlawd pnoapnor paniaea; and 
ro d) coolino 9aid oncapanlaied partaea. 

7. Tha piocaaa of aaim « funhar cnaracterizao in mai said bed ia naaieo (o a tcfnparawra of oa«*oan about 
iQCrC and aooui 150**C. 

IS %. Tnaprocoaaofd8»m6furtnarcnaraaanzaoinatla8tonaof mafdiowing: 

a) aaid ^por pnaaa oxido pracgraora compriao wamr vapor, tiianmrn loiracnionde, and silicon io> 
racniorWo; or 

b) aaid vapor pnaaa oaqdo pracufBoni compnae waier ^apor and ona or mora mowl alkOMldea or maiai 
ctttoroaa- 

a. The pocaaa df daim 6 fuimar cnaraoarUed m at raaar ona of tna follQwing: 

a) aaid pnoaphv p^dae compnaa zinc aulftoa-baaad pnoapnor maianala: or 

b) aata p«Waa o^npriaa zinc auifioa-oaaod pnoapnor materiala ana contain minor amounia of ono or 
mm of mo fqllovind: cadmium, aoianium, copper, bromma, cntorine, manganeaa. or advar. 

10. The pffFaaa of daim 6 funhar charaoerizad in at laav one of trte MIoainQ: 

a) aaid pnoapftcr panidea aie batMon abowt ^ and about 50 microna in diameter or 

b) aaid pnoapnor panidea are ba^vaan about 10 and about 40 mioon9 in oiametar or 

c) aaid Q»tae «aiinga are oatMon about 0.1 and about 3.0 micrena tnit*: or 
3D d) aaid oalda coaqn^a are bacMan apout 0.1 ano aocxit 0.9 mlcrena cnia. 
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Europiiscnts Pmnamt 
European Rmnt Office 
OfTtc* 0yroptefi d99 brevet* 




pgbiicaiion number ; 0 455 401 A3 



® 



EUR PEAN PATENT APPLICATION 



||t) Applicaoon nwrTiBar . 91303636.* 
(g) D^ie of ruing - 



@ in.. CI « : C09K 11/02, C09K 1 1/61. 

C09K 11/58. C09Kn/57. 
C09K 11/56 



@ 


Pnomy : 25.04.90 US 91444Q 


@ Invonpr : |Cf mon, D< Budd c/o Mlnn««QO 


Mlnmo 2n4 


@ 


Data of publicqcion of applicanoo . 


Manufici. Co,. 2501 Huown Roadp P.O. Box 
33437 

St Paul, MlnnoaoVi 55133^3427 (US) 




QS.11.91 Bullvrin 91/49 


© 


DesignacDct Cantrwcting Siaxcs , 
DE PR CB IT HL SE 


@ Rsproaeniapvtt . Bailla, laliv Cam«ron «t 91 
G/o UOw A Parry, Amialinar Eck 2 




Ow of daforred puoficauon of searcn repon . 
19.03.92 BuUflrin 92/12 


W40Q0 Mancnon 2 (DE) 






® 


Appncani . MINNESOTA MINING AND 




MANUFACTURING COMPANY 

3H Con8»r. P O. B«« 39427 

SI. P«ul, Mlnn««o9 S5l 33-3427 (US) 





(g) Encapsuiatao alacQ-eluniinvvconc pfiosphor ana mathod for makins ^vn9- 

@ EncQpsMmied oieczroiuminesceni pnoaprior 
partides and meinod for making same. Tne 
pnospnor paftidss ara encapsutateq in a veri 
mm 04ide fayer (p protoci mam from aging due 
CO moisiuro inmi^ion. Tno pamclea are encap- 
suiaiad via a vapor phaae hydro) ysia roacijon of 
ozjdo precursor materiaia ac a tomperaOifB of 
becwean about 25C and about 17Q C. prafor- 
any D^t^oen apoui 100'C ana aoout 1$0'C. The 
reauJiani ancapaqlated panidea e^ntbit a sur- 
prwins combinaaon of nign mioal tvimineacem 
Dnsnvw98 ano ^tign raatstanca w ni4nidrty- 
aceeleraxad ongnmra docay. 
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